18
Introduction 41
Over the last century, rising food demands have been met with an expansion of the 42 cultivated areas as well as with an intensification of agricultural practices. This 43 intensification process is associated with increased inputs such as increased fertilization, 44 intense pesticide applications, frequent tilling, and improved water management Aboveground biodiversity loss is intensively studied, however our knowledge on the 49 impact of agricultural intensification on belowground biodiversity is still fragmented (Hole 50 et al. 2005) . It is widely acknowledged that the nutritional needs of an ever-increasing 51 world population can only be addressed structurally by developments towards more 52 sustainable crop production. As one of the consequences, more emphasis is put on 53 understanding and unravelling the biological functioning of soil, being one of the most 54 essential and complex components of our agroecosystems (Tilman et al. 2011). 55
Soil harbours a quarter of the world's biodiversity and is considered to be one of the most 56 complex ecosystems on earth (Bardgett 2005 , FAO 2015 . In terms of numbers of 57 individual organism per unit of volume, bacteria are by far the most abundant group of soil 58 inhabitants followed by fungi, algae, protists and nematodes (Fierer et al. 2007 ). Soil biota 59 plays a role in many essential soil functions such as nutrient cycling, carbon and water 60 retention, soil texture formation and the interaction with the plant community (Henneron 61 composition of the rhizobiome, the subset of the soil biota present in the rhizosphere, is 71 co-determined by plant species and age (Chaparro et al. 2014, Grayston et al. 1998, 72 Inceoglu et al. 2011, Kuske et al. 2002 , Schlemper et al. 2017 . With the advent of 73 affordable high throughput DNA sequencing techniques, the impact of plants on the 74 identity and density of rhizosphere inhabitants can be mapped. Insight in this process 75 could help to design soil management measures promoting a rhizobiome that would 76 optimally support plant growth and improve crop yield (Knief 2014) . 77
Just like in many other habitats, most soil inhabitants have to cope with unpredictable food 78 availability (Morita & Morita 1997) . In order to survive periods of scarcity, microorganisms 79 can reversibly reduce their metabolic activity over an extended period of time 80 (Blagodatskaya & Kuzyakov 2013) . Such a condition is referred to as a state of dormancy 81 (Stevenson 1978) . In bulk soil, typically 80% of the cells and 50% of the operational 82 taxonomical units (OTU's) are dormant. This so-called "microbial seedbank" (Lennon & 83 Jones 2011) is alert in the sense that it can detect and respond to environmental stimuli 84 (e.g. organic substrates) that are associated with favourable growing conditions (De Nobili 85 et al. 2001 ). Plant roots produce and release a broad spectrum of environmental stimuli 86 and, as such, the rhizosphere is a hotspot of microbial activity (Hinsinger et al. 2009, 87 Reinhold-Hurek et al. 2015) . 88
In this respect, it is relevant to discriminate between the resident and the active microbial 89 community. The resident community refers here to all organisms present in a certain 90 spatial unit of soil, whereas the active community comprises the fraction of the resident 91 community that is metabolically active. The RNA is considered a representation of the 92 active microbial community, while the DNA characterises the total microbial community 93 (De Vrieze et al. 2016, Ofek et al. 2014 ). Hence, combined profiling of community DNA 94 and RNA will provide insight in both aspects of local microbial assemblies. More 95 specifically, such a characterisation will provide information about microbial fractions, 96 which activity is positively or negatively affected by any kind of external influence. 97
Although a number of soil ecological studies considered both the active and the resident 98 microbial community (Baldrian et al. 2012 , Nunes et al. 2018 , Schostag et al. 2019 , hampered by the low throughput nature and the costs of currently available kits for RNA extraction from soil. Therefore, we developed an alternative, fast and affordable method 102 for nucleic acid extraction from soil. 103
104
The aim of this study was to investigate the resident and active microbial community in 105 different soil-and management types and in different soil fractions (i.e. bulk soil and 106 rhizosphere). To this end, we collected bulk and rhizosphere samples in two different 107 growth stages of summer barley (Hordeum vulgare) in two distinct soil typespeaty and 108 sandy -in the Netherlands, with different types of soil management. Four major 109 organismal groups were assessed: bacteria and fungi -representing the primary 110 decomposers -and protists and nematodes, two major grazers on the bacterial and fungal 111 communities. Variable ribosomal DNA regions were selected for the characterization of 112 each of the four organismal groups. We hypothesise that i) exposure to rhizosphere will 113 have a larger effect on the active fractions of the primary decomposers (i.e. bacteria and 114 fungi) than on the active fractions of representatives of the next trophic level (protists and 115 metazoa), that ii) the impact of prolonged exposure to distinct soil management on the 116 primary decomposer community, will reflect in comparable shifts in the active fractions of 117 the next trophic level, protists and metazoa, and that iii) the difference in impact between 118 the conventional soil management systems and organic management on the microbial 119 community, will be larger than between the two conventional soil management regimes. 120 to the laboratory at the field site. Bulk soil was collected by combining three individual 155 cores in approximation of the rhizosphere sampling spot. This was done in between the 156 barley rows with use of an auger (ø1.5 cm, depth approximately: 15 cm). In total 36 157 samples (18 rhizosphere and 18 bulk) were taken in each time point. 158
At the field laboratory, the remaining soil that adhered to the roots was brushed off from 159 10 individual barley plants. Rhizosphere soil and bulk soil samples were frozen in liquid 160 nitrogen and transported on dry ice to the laboratory to be stored at -80 °C until further 161 nucleic acid extraction. 162
In Valthermond we were allowed to sample in the first 2 meters of the subfield. In total 4 163 subfields of each treatment (suppl. Both DNA and RNA were simultaneously extracted from soil samples, using an in-house 170 protocol based on phenol-chloroform-isoamylacohol extraction (see Table 1 ). Quality and 171 quantity of the obtained RNA and DNA was respectively measured with a Nanodrop and 172
Qubit. The nucleic acid eluate was stored in -80 °C upon further processing. 173
For synthesis of cDNA from extracted RNA the Maxima First Strand cDNA Synthesis Kit 174 for RT-qPCR (Fermentas, Thermo Fisher Scientific Inc., USA) was used according to the 175 manufacturer's instructions. All individual DNA and cDNA samples were diluted to 176 respectively 1 ng/ul and 0.1 ng/ul to serve as a template for PCR amplification. 177
Step Procedure
1.
Weigh 2 g of thoroughly mixed soil, transfer it to a 15 mL bead tube), and add 1.5 g of coarse silicon carbide powder (46 grit).
(Keep bead tubes on ice from step 1-9.) 2. Add 2.5 mL of bead solution (181 mM disodium phosphate, 121 mM guanidinium thiocyanate), 0.25 mL of lysis buffer (150 mM NaCl, 4% (w/v) SDS, 0.5 M Tris), and 0.8 mL of a 120 mM ammonium aluminum sulfate dodecahydrate solution.
3. Add 3.5 mL of phenol:chloroform:isoamyl alcohol (25:24:1, pH: 8.0, 4°C) and mix it manually to disintegrate the biphasic layer.
4.
Place the bead tubes for 10 minutes on a Digital Vortex genie 2 (SI-A256) with a SI-H512 horizontal 15 ml tube holder at maximum speed (2,850 rpm) at 4 °C. Note: place no more than 4 tubes in the tube holder as this would lower the rpm.
5.
Incubate the tubes horizontally at -20°C for 10 minutes. Thereafter: repeat step 4, and continue to step 6.
6.
Centrifuge the tubes for 10 minutes (2,500 x g) at 4°C to separate the soil particles from the lysate.
7.
Transfer 3 mL of the upper aqueous phase to a new 15 mL tube, and add 1.5 mL of ice-cold precipitation solution (an aqueous solution of 5 M NaCl, 22 mM citric acid anhydrous salt, and 29 mM trisodium citrate dihydrate)
8.
Centrifuge the tubes for 10 minutes (2,500 x g) at 4°C to separate the precipitate from the nucleic acids.
9.
Transfer 4 mL of supernatant to a new 15 mL tube containing 5 mL of isopropanol at room temperature (RT). Mix gently by hand for 5s and centrifuge the tubes for 15 minutes (2,500 x g) at 4°C to precipitate the nucleic acids.
10.
Discard the isopropanol, and air dry the pellet for 5 minutes at RT.
11.
Add 1mL binding solution (at RT) to the pellet (binding solution: an aqueous solution of 5M guanidinium thiocyanate and 30mM Tris-HCl (pH: 6.5) with 9% (v/v) isopropanol), and vortex to redissolve the pellet.
12.
Load 0.5 mL of solution to a silica spin filter (DNAK1009 Miniprep RNA column, Biocomma) to bind the nucleic acids (DNA and RNA), and spin for 30s at 10,000g.
13.
Discard the flow-through, add 0.75 mL of washing solution (10mM Tris-HCl, pH: 6.5), 100mM NaCl, and absolute EtOH final v/v 50%) to the spin filter, spin for 30s at 10,000g. Repeat this step 3 times.
14.
Air-dry the filter for 5 minutes, and transfer the spin filter to a clean collection tube.
15. Add 0.2 mL of elution buffer (10mM Tris-HCl, pH: 8.0) to the spin filter, and spin for 30s at 10,000g.
16.
Collect the eluate (0.2 mL) and store it at -80 °C until further use.
of Illumina 16S rDNA sequencing and the V9, V7-V8, V5-V7 were utilized as targets for 182 protozoa, fungi and metazoan 18S rDNA sequencing, respectively. To prepare the 183 samples for sequencing a twostep PCR procedure was followed. In the first PCR step, 3µl 184 of diluted DNA or cDNA template was used to attach a locus specific primer (Table 2) for all treatments, with average sequence coverage of 63%, 70%, 96% and 97% for 261 bacteria, protozoa, fungi and metazoan, respectively determined by Good's coverage 262 estimator (suppl . Table S3 ). 263
264
Difference in resident versus active communities 265
To gain insight in the differences between soil communities we performed a PERMANOVA 266 for all four of the organismal communities to indicate how much of the variation is 267 explained by a specific variable. The main findings are presented in table 3. Our analysis 268 identified Nuclei Acid (e.g. rRNA and rDNA) as the main factor responsible for the 269 discrepancy between samples for all four organismal groups, as it explains 14 to 25% of 270 the overall variance (P < 0.01). The next most important explanatory factor was soil type. 271
Location Vredepeel is characterized by sandy soils, whereas peaty soil typifies the second variation (11% and 13% for bacteria and fungi) was explained soil type than for the groups P< 0.01). 276 277 between clusters was most obvious for Bacteria ( Fig 1A) and Protists ( Fig 1C) . For Fungi 290 ( Fig 1B) and Metazoans ( Fig 1D) this difference was significant as well, but this effect was 291 less pronounced. 292
In Fig. 1 , the impact of 'Location' is readily observable. In case of bacteria and protists, 293 samples from Valtermond (peaty soils) are encircled in green, whereas the samples from 294
Vredepeel (sandy soils) are defined by an ochre line. The difference between the two 295 locations should be attributed mainly to the difference in soil type. Location effects were 296 also observed for the fungal and metazoan community, but limitations in terms of 297 dimensions and distinguishable colours hampered a clear visualisation of this effect 298 (suppl. Fig S3) . 299
Exposure to barley-induced rhizosphere conditions resulted in a shift in both the resident 300 and the active microbial community. For bacteria, the 'Sample Type' effect, i.e. the 301 difference in community composition between bulk and rhizosphere soil, is reflected in 302 shifts at both DNA and cDNA level (blue and light blue, and red and ochre, respectively) 303 ( Fig. 1A) . For protists, this phenomenon is most pronounced at DNA level (Fig. 1C) , and 304 at cDNA level only for the peaty soil (location Valthermond). It is noted that PERMANOVA 305 pinpointed significant sampling type effects for all for organismal groups. 306 A clear contrast in microbial community was observed between the two locations 310 investigated in this research (Fig. 1) . For pinpointing the differences between the resident 311 and the active communities, we focussed on a single location, Vredepeel. Linear 312 discriminant analysis (LDA) effect size (LEfSe) tests with threshold values of ≥ 2 or ≤ -2 313 were applied to identify specific microbial taxa that contributed to the observed differences 314 in resident and active microbial communities. A total of 9 bacterial, 8 fungal, 10 protist and 315 25 metazoan orders contributed significantly to the difference between the resident 316 (rDNA-based) and active (rRNA-based) community (Fig. 2 
) 317
For bacteria, four orders were identified that were highly active both in rhizosphere and 318 bulk soil ( Fig. 2A) . The Sphingobacteriales stood out as being highly active the barley 319 rhizosphere, whereas Bacillales, Acidomicrobiales, Solirubrobacterales and 320
Proprionibacteriales were predominately active in the bulk soil. It is noted only the latter 321 order showed a large contrast with the rhizosphere community, the other three bacterial 322 orders had LDA scores just below 2 (Data not shown). 323
Analysis of the fungal community revealed four orders that were highly active in both the 324 bulk soil and the rhizosphere. The order Glomerellales, was shown to be present (DNA) 325 but barely active in both soil compartments, hence an LDA score of -2. The bulk soil was 326 typified by active members of the Filobasidiales and Endogonales. Notably, the contrast 327 between bulk soil and rhizosphere was subtle for Filobasidiales, and more substantial for 328 members of the Endogonales. 329
Protists, being a predominantly bacterivorous group in soil, were included as major 330 representatives of the next trophic level. Haptoria, Philasterida and Colpodida were 331 identified as protist orders with an enhanced metabolic activity in the barley rhizosphere. 332
Being an extremely broad organismal group, it was no surprise to see a large number to 333 be highly active Metazoa in the vicinity of barley roots. Our analyses revealed active 334 rotifers, mites, nematodes, and insects in the rhizosphere compartment. Striking is the 335 difference between the activity of the bacterivorous nematode order Rhabditida in bulk 336 and rhizosphere soil. Rhabditida are known as extreme opportunists (Bongers 1990 ). This Metazoa as they were present in relatively low numbers in the 2 g soil samples analysed 339 in this study. 340 341 Figure 2 : Linear discriminant analysis Effect Size (LEfSe) of bacterial, fungal, protists and metazoan OTUs, which most likely explain differences between the discrepancy in nucleic acid type (DNA or cDNA) in rhizosphere (green) or bulk soils (brown). Taxa with a ratio higher than 2 are considered active (light green and brown) and taxa with ratios lower than -2 are considered dormant (dark green and brown) no significant soil management effects for any of analysed the organismal groups (see 344 suppl. Table S4 ), we decided to focus on the impact of soil management on sandy soil 345 location (Vredepeel). To identify the effect of the three soil management regimes, ConMin, 346
ConSlu and Org, a PERMANOVA and a PCoA was performed on solely the sandy soil 347 samples (see Table 4 , Figure 3 ). 348 349 Protozoa. In Fig. 3 , the impact of contrasting soil management regimes is shown regarding 378 the active communities. A similar analysis on the resident community revealed a 379 comparable pattern (suppl. Fig. S4 ). For Metazoans, no clear soil treatment effect was 380 observed. In general, organic soil management increased the total OTU abundances from 381 bacteria, fungi and protists. This was not observed for metazoans. 382 the 38 bacterial taxa that were significantly different in terms of abundance between 385
ConMin and Org fields, 36 taxa were significantly upregulated in the organic treatment. 386
When considering the active fraction of the bacterial community, more taxa were found to 387 be different. Out of the 47 significantly soil management affected bacterial taxa, 31 were 388 more abundant in Org, while 16 showed higher activity in ConMin fields. 389
In the LEfSe analysis of bacterial cDNA sequences (Fig. 4 ) bacterial orders which active 390 fraction was enlarged as a result of with the three soil management treatments are 391 presented. As compared to more conventional soil treatments, prolonged organic soil 392 management has boosted a range of bacterial orders (LDA score > 2). 393
Desulfuromonadales, Clostridiales, Erysipelotrichales, Rhodocyclales, Rhodobacterales 394 and Nitrosomanadales had the highest LDA scores, and their increased activity was 395 confirmed by ANOVA (grey arrows in Suppl. Fig. S5.1 ). For the conventional soil 396 treatments (ConSlu and ConMin), orders Bacillales, Deinococcales, Micrococcales, 397 Acidobacteriales, Kineosporiales, and Streptomycetales were identified as most 398 significant indicator taxa. ANOVA did not confirm the status of the order Kineosporiales 399 as indicator taxon for the ConMin treatment (red arrow 4 in Suppl. Fig. 5.1a ). It is noted 400 that taxa without a formal systematic name were not taken into consideration. 401 402 Fungi -Based on OTU abundances, the number of fungal orders that were promoted in 403 organic fields was higher (22 taxa) than the number of taxa showing an increased 404 abundance in conventional fields (8 taxa) (ConMin and ConSlu -Suppl Fig 5.2b) . When 405 concentrating on the fungal orders which activity was affected by soil management type, 406 19 taxa were more active in organic soils and 10 were promoted under conventional soil 407 management regimes (ConMin and ConSlu) (Suppl Fig. 5.2a) . 408
LEfSe analysis of fungal rRNA sequences revealed the orders Glomeromycetes 409 (unclassified class), Cantharellales, Saccharomycetales, Trichosporonales, Agaricales, 410
and Onygenales as most significant indicators under the organic regime (Fig. 4) . In many 411 cases, ConSlu-promoted taxa were also activated under the ConMin regime. However, 412 the order Microascales was revealed as a specific marker for ConSlu-treated fields specifically. ANOVA confirmed the indicator status of this order for the ConSlu treatment 414 (blue arrow 1 in Suppl. Fig. 5.2a ). The orders Paraglomerales, Eurotiales, 415
Neocallimastigales, and Chaetothyiales were identified as indicator taxa for conventional 416 farming system using mineral fertilizers only. 417 418 Protozoa -The total abundance of most protists OTUs is upregulated in organic treatment 419 as compared to conventional soil management. Comparison of significant differences 420 between organic versus conventional treatment (ConMin) revealed an Org-based 421 increase for 28 taxa, whereas 13 protozoan orders showed higher abundances under 422
ConMin. The impact of organic soil management at RNA level showed an opposite trend. 423
Of the 41 soil management-affected protozoan orders, only 12 taxa showed a higher OTU 424 abundance in the fields under organic management. 425
Thecamoebida were identified as protist indicator taxa for organic soil management. 426
Unclassified members of the classes
Labyrinthulea and Heterolobosea were 427 characterized by higher densities and higher activity in Org fields (Fig. 4., Suppl Fig. S supposed to be more compatible with the preservation of soil biodiversity than 447 conventional management practices. However, our insight in the impact of different soil 448 management regimes is fragmented and rather superficial. 449
Here, we investigated the effect of various soil management systems on primary 450 decomposers, the bacterial and fungal community, as well as major representatives of the 451 next trophic level, protists and metazoa. The dormant part of the microbial community is 452 considered to be very substantial, hence to assess the impact of soil management 453 systems it is not only important to consider multiple major organismal groups, but also to 454 map both the resident and the active fractions within these organismal groups. 455
We demonstrated the relevance of taking both the active and the resident soil community 456 into consideration. For all four organismal groups, nucleic acid type (rRNA for the active 457 fraction, rDNA for the resident community) explained a larger part of the observed 458 variance than location (associated with soil type), the soil management regimes, or the 459 sampling type (bulk of rhizosphere soil). These results were facilitated by a newly 460 developed fast and affordable nucleic acids extraction protocol. Below we will firstly 461 discuss the nature of the difference between active biota and overall biodiversity, and 462 subsequently we will address the large fraction of soil taxa which activity is promoted more 463 under organic management than under one of the two conventional systems. 464 465 Limitations on the use of rRNA and rDNA data for mapping active and resident soil biota. 466
Using rRNA and rDNA as markers for active and resident soil biota revealed large 467 differences between these fractions. We are aware of the potential shortcomings of this 468 type of markers. Ribosomal RNA is a highly abundant transcript, and rDNA is a multi-copy 469 gene for which the number of copies varies enormously between organismal groups. 470
Among bacteria, the number of rRNA operons is low and moderately diverse; typically, 471 bacterial genes harbour 1-15 copies (Espejo & Plaza 2018) . For protists, number of rDNA individual species were shown to harbour rDNA copy number in the range of 100 to 10,000 474 (Godhe et al. 2008) . Recently, a genome-based estimates of the number of rDNA copies 475 among fungal taxa showed that this could range between 14 and 1,400. This variation in 476 rDNA copy number could not be linked to trophic preferences or other easily observable 477 ecological characteristics (Lofgren et al. 2018) . From this information, it is obvious that 478 rRNA data from microbial communities should not be used for comparisons between 479 organismal groups, neither should they be used for comparison of abundance or activity 480 at high taxonomic level within an organismal group. 481
Dormant soil inhabitants may have ribosomes with functional rRNA's (Nanamiya et al. 482 2010) . Such a condition allows organisms to resume activity as soon as condition are 483 favourable again. However, it is reasonable to assume that the transition from a dormant 484 to a physiologically active state will be accompanied by a substantial increase in rRNA 485
level. 486
Hence, the use of rRNA/rDNA data for the characterisation of active and resident microbial 487 communities in soil has a number of inherent constraints. Nevertheless, within-taxon 488 comparison of rDNA-based sequence data under various environmental conditions is 489 likely to reveal robust and valuable information on the impact of these conditions. 490 Fig. 5.1a ). As microbial activity matters in terms of soil 560 food web functioning, these results underline the relevance of takingnext to abundance 561 dataactivity data into account. 562
The orders that seem to be the most contributing to the difference in organic versus Monochida feed on other nematodes, but this does not hold for all life stages. Larval 620 stages are too small to capture other nematodes, and they feed on bacteria (Yeates, 621 1987 ). The strongly enriched bacterial community under the organic regimes may have 622 promoted the activity of the Monochida. The impact of soil management on Metazoa will 623 not be discussed further, as the numbers of individuals present in the 2 g soil samples are 624 too low (with some nematode taxa as an exception). Hence, sampling effects could easily 625 obscure soil management effects.
Conclusion

627
The mapping of the effects of soil management on bacterial, fungal, protist and metazoan 628 communities in barley fields underlined the relevance of the parallel monitoring of both 629 the active (rRNA-based) and the resident (rDNA) fractions. Differences in duration of 630 exposure to a given treatment resulted in differential responses among the four 631 organismal groups. Short exposure (months), in this case the rhizosphere effect caused 632 by barley, was mainly reflected in the active fractions bacteria and only to a lesser extend 633 for fungi. Regarding metazoa, no statements can be made due to the low numbers of 634 individuals per sample. Hence, our initial hypothesis is partly correct. Secondly, we 635 hypothesized that prolonged exposure to distinct soil management regimes (10 years) 636 resulted in similar large shifts in the active fractions of all four organismal groups. This 637 appeared to be true for three organismal groups only. Also here, metazoa couldn't be 638 taken into full consideration as their numbers per sample were relatively low. This second 639 assumption is therefore partially correct. Thirdly, we wanted to see whether the difference 640 between a highly conventional (ConMin) and a more integrated soil management system 641 (ConSlu) would be smaller than the contrast between the two conventional systems and 642 the organic regime. This shown to be correct, and was most extensively demonstrated in 643 the rRNA and rDNA-based ANOVA analyses. 644 
